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July 29, 1993 

MILES£ 

Mies Inc 
Mobay Read 
P ttsburgh PA '5205-9741 
Phone 412 777 2000 

~' '3 ooao .3 'f .z... 

Document Processing Center TS-790 
Office of Toxic Substances Room L-100 
Environmental Protection Agency 

1111111111111 
86938898342 

Contains No CBI 401 M Street SW 
Washington, DC 20460 

Attention: 8(d) He1lth and Sifety Reporting Rule 
(Not1fication/Reporting) 

Gentlemen: 

Enclosed is & copy of 1 Health and Safety Study that was reported as initiated 
by Miles Inc. in our letter to you dated August 24, 1992 (see letter 
attached). 

We ire subcaitting this study on behalf of Miles Inc., Mobay Road, Pittsburgh, 
Fennsylvani1 15205. We are filing this Health and Safety Study to comply with 
the regulations codified at 40 CFR, Put 716 . This submission contains no 
Confidential Business Information (CBI). 

The information required 1t 40 CFR 716.30 is given below. 

Chemical Nam: 
CAS No: 

Nue of Study: 

Submitting Official: 
Title: 

Address: 

Telephone No. : 

Attachment 

T~luene Oiisocyanate; 2,4- and 2,6-
584-84-9 and 91-08-7 
Respiratory Sensitization Study in Guinea Pigs: 
Controls Challenged with 2,4- or 2,6-Toluene 
Diisocyanate (TOI) 
Francis J. Rattay 
Manager, Regulatory Affairs 
Mobay Road 
Pittsburgh, Pa 1520) 
( 412) 777-7471 

Sincerely, 

7' ~ ~~- ~ Francis J. R t 
Manager, Regulatory A airs 
( 412) 777-7471 

Certified Mail No. : P 213 126 285 

c::-
- 0 (, I 

('- <...> 
C: : 
~ ... . --.. 



ATTACHMENT 

August 24, 1992 

OocuP.tent Processing Center TS-790 
Office of Toxic Substances Room L-100 
Environmental Protection Agenr.y 
401 M Street SW 
Washington, DC 20460 

Attention: 8(d) Health and Safety Reporting Ftule 
(Notif1cat1~n/Reporting) 

Gentlemen: 

MILES A 
Mies Inc 
Mobay Road 
P•ttsburgh PA 15205 9741 
Phof'e 412 777 20CYJ 

This letter is to notify EPA of a Health and 5.\f9ty Stutcy that has been 
initiated by Miles Inc., Mobay Road, Pittsbur,1h. Pl~~~11v ni& 15,05. 
Th1s study was initiated July 27, 1992 :nd tine report shu•ild t available in 
the first quarter of 1993 . 

The information required by 40 CFR, Part 716 •Is g1~ 1 bel •:>tl' . 

Chemical Nua: 
CAS No: 

Nature of Study: 

Subllitting Official: 
Title: 

Addres~: 

Telephone No.: 
FAX No.: 

Toluene Diisocyanate; 2~4 - and 2,6-
584-84-9 and 91-08-7 
To determine \:lhether dh'ect ~nd/or cross respiratory 
sensitization occurs with ? ,4 d 2,6-toluene 
di isocyanate 

Francis J . Rattay 
Manager, Regulatory Affairs 
Mobay Road 
Pittsburgh, Pa 15205 
(412) 777-7471 
(412) 777-7484 

If you ha any questions, please contact me. 0 -. 
w 

Attachllent 
Certified Mail No .: P 027 215 577 

,... 
C' c...~ 

Since1rely, _, ~' 

~:- -SJ. 1't c~ ~~ ~ 
Franct-;J.[{.ttay -; ~ :..: 
Manag11r, Regulatory Affai~ =::;: 
(412) 777-7471 w 

CJ1 
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qoop LMOM'fOIJ 

Thi• •tudy wa• conducted in compliance with the TSCA .;ood Laboratory 
Practice Standard• ot 40 Cl'R Part 792 and the O!CD PrincipJ.•• ot Good 
Laboratory Practice, C(81)30 (Pinal) Annex 2 (Pari•, Hay 1981). 
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MILIS INC. 

J. H. Thy•••ns 

Dates ~ -13-'l.J 
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Dates ]- t.3-fJ 

ITUQX QIBIC't()R 

D. L. Warrens 

Date• ,, 
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INTERNATIONAL ISOCYANATE INSTITUTS, INC. 
119 Cherry Hill Road 
P•r•ippany, NJ 07054 

n1: PACILIU 

KIL"S u:c. 
A9c4culture DJ.vieion 
Toir!.cology 
17745 South Metcalf 
Stilwell, Xan•a• 66085-9104 

l:xperill'ental Start Datea 
Termi nal Sacrifice Dates 

July 27, 1992 
October 23, 1992 

PlllOlllflL AJIQ BllPOlflIIILITill 

TOleicolO<JYS J. H. ThyHen 

Toxicology ~aboratorys G. It. Sangha 

•~perimental Toxicolo9ys R. N. Shioteuka 

Study Directions D. L. Warren 

ltudy conducts L. A. Berry 

J. s. Oladbath 

A. T. Halliburton 

Pathology le1vicee1 a. '· Stuart 

An iaal Care 1 R • I:. Mueller 

O:-o•• Pathol09Ys H. •• Ho11e 

Analytical ch .. ietry1 It. o. Hoo re 

Quality A••urances c. A. •·•lder 

dJi..~a ~ A... k. (), /"/~,.) ~( 
~ ~'-Sil 

C.A. I~ "a D. bf. Wflllw.. 



Audit report• have been •ubmitted tn the Study Director and Laboratory 
Management documenting the •tatu• of compliance with applicable 
departmental •tandard operating procedure•, the •tudy protocol and Good 
Laboratory Practice re9ulationa. 

All pha••• of •tudy cc.nduct for thi• •tudy type have been p•riodically 
in•p•cted by the Quality A••urance Unit. Audit report• have been 
• ubcaitted to Laboratory Mana9ecnent and th• Study Director, documentin~ th• 
•tatu• of compliance with applicable departm~ntal •tandard procedure•, the 
etudy protocol and Good Laboratory Practicea re9ulation• . 

AUDl'U 
patt PbAHfl 

~~~~~~P .... ha•t of Study 

Oi/29/92 Lab Tech c puter Operation/Data, 
Collection, Verification of Tempera­
ture-Hu~idity Probe•, Recording of 
Temperature, Humidity, and Airflow•, 
Balance Verificat ion, Body W~ighta, 
Ob•ervation•, A~J..tnsl Inventory, Load 
R••train•r•/Plathy•mograph•/Chamber . 

Ayditor 

J. Ha9en••n 

09/03/92 Generator, Mixing Chamber and Pltthy•- J. Ha9•~••n 
909raph•, Airflow•, Static Pr••••1r• 
Readinga, Protein Conjugate Sampling. 

09/23/92 Teet Sub•ta~c• Sairplin9 

02/10/93- Pinal Rtport Revi...., 
03/04/93 

Pha11 of Stydy Type 

02/28/92 AniJral Identification 

03/2-3/'2 Uee of Oilibrator, Verification of 
Airflov1, Teet Sub•tanct Weighing 
Befort and rollowin9 lxpo•urt, Prt­
••n•itiaation Body Weight•, Obetrva­
tione, Animal Inventory, Plaeeoent 
of Animal• in R••train•r•/Chamber, 
Acclimation, On••t of lxpo•ure, Lab 
Teet- Cceputer O}Mlration and Data 
Cc.lltetion, Ind lxpoeurt, Recnoval o: 
Aniaal• Proni Chambtr/Ra~traintr• •nd 
Poet-lxpo•ur• Obeervation•. 

5 

J. Ha91n•tn 

J . Ha91n•an 

J. Ha9er.etn 

J. Haguneen 

UPOJl'l' TO 

ITUDY DIUCTCll/ 
M.'\l!AQEMR'l 

07/29/92 

09/0l/92 

09/23/92 

03/04/93 

02/28/92 

OJ/04N2 



mmL,In AllVMICI ITATllllll'! (Continued) 

AYPITI 
pate Pba111 Auditor 

Ph••• of Study Type ccontinu1d> 

03/30/92 Ba!anr.t Verification, Removal of J. Ha91neen 
T••t Subetance Prom Storage, Weigh-
ing of Teet Sub1tance, Return to 
Storage, Teet Sub1tance Preparation, 
Calibration of Generator Airflow, 
G~nerator Operation, Delivery Pu~p 
Cperation, Chamber Atmoephere and 
Part~~le Slze Sampling, and Wet 
Teet Heter Calibration. 

04/7-8/92 Balance Verification, Pr1-challen9• J. Ha91n11n 
Body Wei9ht1, Ob11rvation1, Plac1m1nt 
of Animal• in Pl1thy1mo9raph1, Acclima-
tion, Calibration of Mixing rh.!Ul•r, 
Teet Sub1tanc1 G1n1rator an~ 'l•~ny•-
mograph Airflow•, Static Pr•••~r• 
(ma9nahelic) Readin91, Calibration of 
R••piratory Rate Recordtr•, Weight of 
Teet Subet,nce Before and Afttr 
lxpo1ure, Pre-1xpo1ure Acclimation 
Start, Start of Pre-txpoeure R11pira-
tory Hea1urement1, Start and End of 
Chall1n9• lxpo1ure, Sampling of Mixing 
Chamber and Pl1thy1mograph Atrnc1ph1r11, 
Airflow and Static Pr111ur1 Reading•, 
Poet Challengt Recovtry Period, Po1t-
lxpo•ur• Body Weight• and Ob1ervation1. 

~4/16/92 Blood Collection, An11thetization, 
centrifuging of Blood and Nec~op1y. 

Clinical L1b9r1tor) Support fynctisula 

05/08/92 e ... tolOCJY Para.met.er~ 

05/08/92 Differential Count• 

6 

J. Ha9en1en 

J. Ranjbar 

J. Ranjbar 

REPORT TO 
STUDY DIRECTOR/ 
IW~AOpqNT 

03/30/92 

04/08/92 

04/16/92 

05/08/92 

OS/08/92 



OUALITX AllJlBMCI ITATllQRf'J: (Cuotinu•d) 

AUPI'1'1 
patt Pb11t1 Auditor 

Analytical Support runction1 

05/06/92 Prtparation For Analy1i•, Analytical s. Bailty 
Mtthod, Submi11ion of Samplt•, Dtttr-
mination of Twit Sub•tanct COnctntra-
tion, Standardization of Chromatc9raphic 
Inatrumtnta and Analytical Standard1. 

Animal Cart Suppo1t fynction1 

01/31/92 Btddin9, Rack Chang• and r11din9 

02/04/91 Cltanin9 of Rack•, Ca911, Tray1 
and l"ttdtr• 

02/20/92 Pilttr In1ptction/Chan91 

02/25-26/92 Rtctivin9, Shipntnt Examination, 
Randomization, Quarantint, 
Pttdin9 and Ob11rvationa 

03/02/92 ktlta•• of Shipnent for Study Uet, 
Sptcial Procedure• ror Guinta Pig• 

03/09/92 ROOCll Diainf•ction and Light Timer 
Ch•ck 

c. A. Cox 

C. A. cox 

c. A. Cox 

c. A. cox 

c. A. Cox 

c. A. Cox 

UPORT TO 
ITUl>Y DIRECTOR/ 

MAJIAOEMJNT 

05/07/92 

02/03/92 

02/04/92 

02/20/92 

02/26/92 

03/02/92 

03/09/92 

In compliance with th• Good Laboratory Practice rtgulationa, thi• final 
report for atudy numbtr 92-344-PP haa b•tn rtvitwtd by th• Quality 
A11uranct Unit. Tht reault~ pr•••~ttd in thi1 report accurately dtecribt 
tht raethod1 and •t•ndard procedu1. .. and reflect th• raw data collected 
during th• conduct of ch• etudy. 

c .A ~ bit Q. m. wlllfuu. 
c. A. Halder, Quality A11uranct Oat• 
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Th• potantial fo i •h••-••n•itis•d guinea piq• to diaplay apparent 
hyper••n•itivity reaction• upon chtllenge with 2, 4- or 2, 6-Toluene 
Dii•ocyanate (TDI) were inv••tigated. Twelve animal• per group were •ham­
expo•ed during the ••n•iti&ation ph••• !•xpo•ur•• for three hour•/day for 
five conaecutiv~ daya) to room air. All animal• were then houa•d ~nder 
atandard condition• for two weeka. Animal• w•r~ aubaeauently challenged 
three tiJDea (at approximately on•-wee:-t interval•) to •••••• apparent 
h)'P9raenaitivity reaction•, •• ahown below. 

Group l 
Group 2 
Group 3 

Stntitiution 

Sham 
Sham 
Sham 

GSA • Guinea pig ••&um albumin 
TDI-GSA • OSA protein conjugate 

Chtllt .. Jll 

Sham1 Sham1 1SA 
2,4-TDIJ 2 ,4-TDI1 2,4-TDI-GSA 
2,6-TDl1 2,6- TDI1 2,6-TDI-GSA 

Iner••••• in reapiratory rate were taken •• a primary indicator for 
apparent hyperaenaitivity r••pon••• and tht rtapir atory rate of each 
aniaal waa .anitored before, during, and after each chall1n9• expoaure . 
auatained r••piratory rate incr••••• ahortly after expo•ure rtpr•••nt 
1-ediate-t)'P9 while increa••• at time• long a n er the end of expoaure 
indicate delayed-t)'P9 reapon••• · Animal• were al~o monitored for clini cal 
aign• and alteration• in the rate of body weight ga.i.n a• well aa for 
leaiona at ntcropay. 

Mo clinical aigna wart ob•erved from any animal during thia experiment . 
Analy•i• of body weight data ahowed few difference• between grou~• and no 
l••iona were obaerved during groaa necropay froca any animal . 

All animal• wert evaluated for apparent immediate- and delayed- type 
h)'P9r••n•itivity reaction• during each of the three challenge•. Apparent 
i.amediat•-t)'P9 reapon••• were occaaionally o~•trved from group• l and 3, 
while apparent delayed-t)'P9 re•pon••• were obatrvtd from all groupa . In 
that recurrence of a particular reapon•• during aur.ceaaive tpi aod•• of 
challen9e aay be indicative of t~u• hyperaenaitivity reac tion• , the 
incidence of thia recurrence wl'\a a••••••d from each animal. Only one 
repeated 1-•diate-typ• and one repeated delayed-type reapon•• were 
obaerved (froe group• 1 and 2, reapectively). Sach group i• conaidered to 
be indiatinguiahable with reapect to apparent reapon••• or recurr•n~ 

r••ponaea: Thi• low incidence of reaction during challenge repr•••nta a 
background level of reapon•• for thi• teat ayat .... 

• 



MAZ11IAL11 2.t-ItOIMlr 

I. Th• teat 1ut11tance waa 1upplied by MJ.l•• .enc., Indu1trial Chemical a 
Divi•ion, Mobay Road, Pitt1bur9h, PA 15205-9741, wJ.th the following 
informations 

Tiit lubltlDCll 

Identification• 

Phy1ical Appearances 

Lot No. a 

Puri ty a 

Stability Under 
Storao• conditions 

Acti•• Iaqr9di•gts 

Coamon Names 

Structural formu las 

CAB Reghtry No. 1 

Mondur TDIS Grade II 

Pat e yell.ow liquid 

0074 

One year 

Toluene D1ii1ocyanate 

2,4-Toluene Di J•ocyanate 

2,4 · TOI 

584-84-9 

II. Ourin9 th• 1tudy t:he te1t 1ub1tance w.11 1t ored and arch i ved a t room 
t•>per•ture . 

9 



latllIAL11 :.t-I191t1r 

I. The te1t 1ub1tanc• wa1 1uppU.ed by Aldr;lch Chemical c-,., tnc., with the 
following informations 

h•t lyb•tHces 

Id"ntif ication s 

Phy1ical Appearances 

Cat. No. I 

Puritys 

Stability Under 
Storag• Conditions 

Actbt IAgrldi 

Coanon Name s 

Ch ... ieal Waae s 

Structural Por:<\ula1 

2, 6-Tolu11tn• Dii1ocyanate 

Clear lic;ruid 

22386-7 

97\ 

Not avail.able* 

Toluene Clii1oc:r•n•t• 

2, 6 !'olu11ne ::>ii•ocyanate 

2,6· TOI 

91- 08-7 

II. Du~ in9 th• 1tudy the te1t 1ub1ta1aee wa• 1tored under re fr J get. a~o .. 
condition•. 

*ltability under 1tor a9• i• pre1umed to t>• 11.mila~ to that of th• 
2,4- lea.er. 

10 



PUBPOll 

The purpo•• of tht• •tudy ia t~ •valuate the potential for ~ham-••n•itized 
guinea pig• to dieplay apparent hyper••n•itivity reaction• upon challenge 
with either l,4- or 2,6-TDI Th• protocol for thi• experiment wa• ba•~d 
on te•t ~rocedur•• de•crib•d by Karol and co-worker• (l-5). Thi• •y•tam 
invc~v•• expo•ur• of 9uin•a pig• during a "••n•itization" pha•• and, at a 
later ti.me, inhalation expo•ur•• during a "challenge" pha••· For thi• 
experiment all animal• wer• aham-••n• itized with conditioned air. 
Hyperaenaitivity reaction• are typified by an incr•••• in th• r••piratory 
rate during or after chall•nge. 

The approach•• uaed in thi• report for the identification and 
chMracterizat!.on of both imme1iate- and delayed-type hyp•r••n•itivl.ty 
reaction• have previoully been validated with •ubtili•in ( S), ovalbumin 
(6), and purified tuberculin protein (2), aa po•itive control•. 

Thi• report i• intended to be a companion document to report compl ted 
previou•ly (7), in which animal• received both •en•itizatior axpo•ur•~ an~ 
challenge expo•ur•• with ~.4- and 2,6-TDI. 

Dlt OVIPILillll 

There are no t••t guideline• for thi~ •tudy type. 

11 



MITJIOQI 

Animal Infoanatiop 

Soyrce. Nu!!\ber. Weight apd Age 

Young adult male Partley guinea pig• obtained from Sa•co, Inc . , Madi•on, 
Wi•con•in, were u••d in thi• •tudy. Guinea pi9• are the •peci•• of choice 
tor r••piratory ••n•itization teating (Karol et al. ( l, 2, 3)) . Re•ult• 
from a total of 36 animal• are reported. Body weight• p~ior to t~~ firat 
aenaiti&ation expoaure ranged from 241 to 296 grama. Th••• animal• were 
approximately thr~• to four week• of age at the •tart of expoaure. 

lxamipatiop apd Acclimation 

Guinea pig• were examined upon receipt and held for at l•••t five or •ix 
daya prior to •~udy initiation. During th• holding period each guinea pig 
waa examined for change• in general appearance, behavior and gro•• 
external Abnorrnaliti••· Animal• with abnormaliti•• were not uaed in thi• 
atudy. 

Cart 1pd Houaing 

Prior to and following the expoaure period, animal• were houaed 
individually in polycarbonate •hoe-box type cage• with ALPHA-dri bedding. 
Bedding waa changed at l•••t twice weekly and guinea pig• were tranaferred 
to clean c19•• with every bedding chanc;re. The envi:onment1l condition• 
were ••t for a room temperature rang• of 18.3 to 2s.s•c, a relative 
humidity (RH) range of 40-70\, and a photoperiod with 12 hour• of light 
alternating with l~ hour• of darkn•••· E•1vironmental condition• were 
continuoualy monitored. Potable municipc.J. tap water and Agway Prolab 
Guinea Pig Chow were available tor ASl libitum conaumption except during 
th• expoaure period. 

id•ptiflcatiop 

Itch animal waa identified by earmark and cage card. 

Randomiution 

Animal• were aaaigned to aequent11lly numb•r•d cage• uaing a li•t of 
random nwaber• generated uaing SAS aoftware (8). Animal• w~r• ••l•cted, 
for each expoaure group, in numerical order after randomization. 

l1p1ri1119pt1l De•iqp 

lxpo•yre RtqiltlQ 

T~i• •tudy wt• conducted in thr•• ph••••• ••n•iti111tion, induction, and 
challenge, •• d••cribed below, and each animal experienced each 9h•••· 

12 



Thr .. group• of 12 animal• were ueed and each group of control• received 
different challenge expo•uree, •• ehown below. 

Groyp 

Group 1 
Group 2 
Group 3 

lxpoeyn 
Seneiti1ation Challenge 

Sham 
Sham 
Sham 

Sham 
2,4-Ieomer 
2,6-Ieocner 

Th• cour•• of th••• experiment• followed a •ix-week protocols 

Regimen 

seneithation Week l 

Induction Week• 2,3 

Challenge Week 4 

Week !; 

Week 6 

011cription 

5 x 3 houre/day eham-expoeed to 
conditioned room air 

Conventional hou•ing 

Challenge 11 to room air or TOI 
vapor 

Challenge 12 to room air or TOI 
vapor 

Challenge 13 to unconjug&ted 
protein or TOI protein conjugate 

Th••• pha••• are ~••cribed more compl•t•ly below. 

Mote1 Th• day of the firat expo•ure waa denotlltd •• atudy day o. 

lenaitlgation Ph••• 

Shaa •JrPO•ur•• to roaa air were 1dllliniat1red to 11ch group for three hour• 
per day Qn ea:h of five cona1cutiv1 day• (day• 0-4). Th••• expoeure• were 
conducted at approx.laately the eame ti.ml of day for each group. 

Indyctioo PhaH 

Sach aniaal vae conventionally houaed for approximately two week• (vide 
eupra). 

Qall1oq1 PhaH 

Thi• ph••• vae conducted identically for all thr- group• and anlmala were 
1.poaed to the .... i•o.er of TOI during each challenge expoe\lr• for a 
9iv1n group. Th••• 1xpoeur1• w1r1 •tarted between 12100 p.m. and 
3100 p.a. •o •• to ainimia1 th• potential for diurnal variation• in 
reepon••· 

13 



Th• event• during challenge that are a••ociated with r••piratory rate ~ata 
collection are •hown •chematically below. 

I!.~ DURING CIWLENGE 

Anfma1•tn­
cbenbtn 

Slartl......i­
l.. -c .. -..::r=~ 

WINDOW 

DILAYm 
RIBPONll 
YJNDOW 

r ocedurally , •ubgroup• of four animal• were placed i nto whrJle-body 
plethy•1D09raph• on day 21. Sub••qu•nt •ubgroup1 (from the original group 
of 12 animal• that were given ••n•iti&ation expo•ur••> were cha:,1en9ed on 
day• 22, 23, or 2•. Animal• were allowed to acclimate for approximately 
thr•• hour• under quiet •urrounding•. Monitoring of th• re1piratory 
activity of eac animal wa• then •tarted and wa• taken for approximately 
the next tvo hour• (pr .. xpo•ure period). Animal• were then expo1ed for 
approxiaately 60 ainut•• ( expo•ure) and r••piratory rate monitoring 
contlnued for th• •n•uing 16 hour• (po•t-expo1ure) while animal• breathed 
conditioned rooe air. Thu• for each animal th• r••piratory activity wa• 
110nitored. continuou•ly for th• preexpo•ure, expo••· ~ , and po•t-expo1ure 
period• (approxiaately 20-2• hour• of continuou• mea•urement). Nappa 
Nectar (SS LAa Oroup, Cincinnati, OH) wa• provided •• a water 1ource 
(available &SI libitum) after the end of expo•ure during th• challenge 
ph•••· Approxiaately 2• hour• after being placed in th• plethy•M09raph• 
aniaal~ were ra90ved and returned to c~nventional ho~•ing condition•. 
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Animal• were rechallenged to the •a.me atmo•ph•r• approximately one week 
later (challenge week 2) and then challenged with either unconjugated GSA 
or the appropriate TDI-OSA conjugate during the following week (challenge 
week 3). Th• reqi.men for each challenge with r••pect to expo•ur• duration 
and data C"Ollection wa• identical. After the third challenge, animal• 
were • acrificed and necrop•ied. 

lxpo1yr111 Gen1r1ti9n and Mgnitgrina 

lxpo1yr• Ch&mb•r - Sen•itization Ph111 

Animal• were expo•ed in a no11-only inhalation txpo• r e chamber which bad 
a nominal volwne of 75 L. Th••• chamber• are con c ted of plexiglaee, 
are cylindrical in d••ign, and have attached 1pecially deeigned guinea pig 
r11train1r• with no•• con•• •o •• to allow noee-only expo•ure. Th••• 
chamber• were operated in a dynamic mode (conatant airflow) and t h• 
airflow wa• monitored continuou•ly and recorded ~t five-minute interval• 
(Labtecb •oftware (9)). An exhauat airflow of approximately 23 - 29 Lpm 
(18 - 23 chamber-volwne change• per hour) wa• u••d and a •tatic pr•••ure 
wa~ maintained at approximately -0.02 inch of water. 

lxpo1ur1 ChlJ!lb•r - Challenge Ph••• 

Animal• were bouaed and 1xpoa1d, unreetrained, in whole-body 
plethy•11109raph•. Th••• rectangular pl•thy•rnoqraph• bad a nominal volume 
of 2.0 liter• and were con•tructed of opaque plexiglaea, with an internal 
•ourc• of water (Nappi Nectar 1 SS LAB croup, Cincinnati , OH). 
Pl1thy•ao9rsph• were operated in a dynamic mode ( con•tant airflow of 
l. 7 Lpai and a •t.atic pr•••ure of approxir.\ately -o . 4 inch of water). 
Airflow waa recorded twice during the one hour expo•ure. lach 
pl1thy91D09raph wa• connected to 1 mixing chamber (2.0 L) and atmoaph•r•• 
were 91n1rat1d into thi• mixln9 chamber for di•tribut.ion. 

0101r1ti9n gf Teat Syb1t1oc1 Atmo1pb1r1 

2,4- and 2,6-TDI were generated •• a vapor by a bubbler. Thi• generator 
w11 mAintain•d at a con1t1nt temperature of approximately 25•c during 
challenge expo•ur••· Dried cocnpr••••d air wa• auppli•d with a flow of 
approxiaately 0.25 -0.41 Lpn during challenge. Unconjugated GSA and TDI­
OSA conjugate• were generated •• a liquid 11ro•ol in borate buffer (50 mH, 
pH•9.4, 1.0, w/v •olution) u•ing an air-blt•t type 91••• nebulizer. Thi• 
protein eolution wa• delivered by a per~1taltic pump. 

Oenerator output wa• aixed with conditioned room air at the mixing chamber 
and total airflow• were approximately 4 - 18 Lpo tor challenge. During 
11naitiaation expo•ur•• airflow• were monitored continuou•ly and were 
recorded at approximately five-minute interval• (Labtech •oftware (9)). 
During the challenge phaae, airflow• were cal!.brated immediately before 
aniaal• were placed in plethy•CD09raph• and were recorded twice during 
expo•ure. 
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Analytical Conctntration 

Analytic"l conctntratione of chambtr atmoephtr•• w1r1 dttermintd by 
eamplin9 during tht 1xpoeur1 ptriod. Chamber concentration• of TOI vapor 
wert quantifitd by r1v1re1-phae1 high prteeure liquid chromatographic 
analy•i• of atmoeph•r• impin91r eamplt• after dtrivation with N-4-
nitrobtn&yl-N-n-propylamine (10). Chamber concentration• of TOI-GSA 
conju9at1 wert quantifitd 9ravlmttrically afttr filter eampling (Mi llipore 
HAWO filttre , pore ei&t • O. 5 µm, eamplin9 flow rate wae approximately 
l. 7 Lpn). 

Unite of Conctntratlon 

All r1f1r1nc1e to tht conc1ntr1tion of tht cht'l\btr atmoephert are 
txpr••••d a• ppb of TOI vapor or rttg/m' of TOI-GSA conjugate . 

Prtparation and fh1r1ct1ri&1tion of tbt TOI-OSA Con1yqatt 

Quinta pig etrum albumin (GSA) conjugatt• of 2, 4-TOI and 2, 6-TOI were 
prtpartd by mttbode prtviouely dtecribed ( 11). Afttr dialyeh and 
lyophili&atlon tht product wae char&• ttri&td •• to tht perctnt 
eubetitution of TOI onto OSA moltculee . Thi• characterisation wae 
p1rfor1111d by a TNBS dtriviti&ation 1111thod ( 12 ) , and tht rteult• 
coneiettntly indicattd a p1rc1nt of eubetltution of approximately 85\ for 
tacb conjugatt. 

Particle Sigt Dietribution 

Thi particle ei&e characttr of tht TOI-GSA atmoephere• generattd during 
thi• etudy havt prev iouely beta •••e•••d (7). Under identical condition• 
to tho•• uetd h1r1, H••• Htdian Atrodynamic Dla.mtttr valut• for 11roeol• 
rangtd from 0 . 87-0 . 94 µ11 and aeeociattd g1om1tric etandard dtviation 
value• rangtd from 1.3 to 1.4. Thue, tht TOI-OSA atroeol• uetd during 
thi• etudy wtrt taeily reepirablt by 9uin1a pi9e . 

Cbamb9r Monitoring of Ttmptr1tyr1 and 81l1tiy1 Hymidity 

Th• deeired rang•• for t1a1p1r1tur1 and rtlativ• humidity (RH) are, a• in 
our aniaal houeing facility, 11. 3• 25.s•c and 40-70\, r1ep1ctiv1ly. During 
••n•itiaation, t,.ptratur•• and JUI w•~• taken b y Solomat prob•• (Pt 
Cballblr, 100/\RH) with tran .. itt•r• (13). During chall1ng1e, temptratur•• 
vert taken by band with a National Inetitut1 of Standard• and T1chnolo9y 
(NllT) certified thermometer twice durin9 1xpoeur1 . Relative humidity 
monitoring wa• not don• during ch1ll1n91 1xpoeur1• in that our 
Hygroecopic-Qi1l1ctric typt etneore art i ncoaapatibl• with ieocyanat•• · No 
euitablt eub~titut•• for tht•t ••n•or • are availablt . 
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Treat1D9nt of Chllftb•r lxhau1t 

Bxhau1t air from th• expotur• chamber• and plethy1mo9raph1 wa1 filtered 
through an accivated-charcoal trap and a HEPA filter before it wa1 vented 
externally. 

Body W•ight1/Clinical Sign• 

Individual body weight• and clinical ob1ervation1 were recorded ju1t prior 
to expo1ure on day1 0-4, on day1 7 and 14, and before 11 well 11 after 
challenge in th• whole-body plethy1mo9raph1. Additionally, clinical 
ob1ervation1 were taken jutt after expo1ure on day1 0-4. 

Gron Pathology 

Animal• were 1acrificed by tran1ectin9 th• po1terior vena cava after blood 
collection. A complete 9ro11 necrop1y w11 performed on each 9uinea pi9, 
which involved an examination of all organ1, body cavitie1 , cut 1urface1, 
external orifice1, and 1urface1. All 9ro11 abnormalitiet were recorded 
and 1elected ~i11ue1 were 1aved for po11ibl• future analy1i1 . 

811piratory M1a1yrtm1nt1 

Data Colltctlon 

Betpiratory ar. tivity wat mea1ured during each challenge ( f rom 
plethy1mograph1) u1in9 Validyn• differential pre11ure t ran1ducer1 
(Model Dp 45-l 6) . Th• analog 1i9nal wa1 amplified uting a Could 24005 
•Y•t- and wa1 converted to a digital format u1ing a auxco ( euxco 
Electronic• Inc . ) 1y1tem (14). 

B••piratory activity wae recorded by th• BUXCO 1y1tem evtry 0 . 1 minute 
from each animal during th• preexpoeur• and expo1ur• period•. 
Centrally during tht po1t-1xpo1ur1 period (typically on1-half hour 
afttr end of 1xpo1ur1) tht recording rat1 w11 chan91d t o one-minute 
int1rval1 and thi• ratt wa• maintaintd until th• t nd of data 
c::olltction. 

Data lyalyation 

Th• r11piratory rate wa• 1tati1tically and 9raphically 1valuat1d •• it 
it th• primary indicator for a retpiratory 11n1itiaation r11pon1e . 
Ph•••• of the phy1iolo9ical re1pon11 during challtng• have been 
deter ibid 11 • 1-diate-on••t, • occurring 1hortly after c0111111ncement 
of 1xpo1ur1, and •delayed-on11t,• occurrin9 tome houri (typically 5-
15) aftlt' expo1ur1 ( ••• tch.., for •event• durin9 challenge• vid• 
1upra). At animal• are continuou1ly monitored for approximat ely 
16 hour• after tht 1tart of 1xpo1ur1, dtt•ction of each pha11 o f a 
potential r11pon1• it po11ibl1. 
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Reepiratory rate data are collected from th• auxco eyetem (dB••• 
format [ 15)) and electronically tranaferr•d into a Lotu• l-2-3 ( 16 J 
apreadaheet. In thi• format r••piratory rate data taken durin9 or 
after expoeure from an individual animal may be compared to the mean 
r••piratory rate for that animal taken before expoaur• (th• 
preexpoaure period). Th••• compari•on• are con•i•tent with th• •chem• 
for data analy•i• that ha• been adopted by Karol et al. (4,S). Kean 
preexpoaure reapiratory rate value• are uaed to diacerr\ a USPONSB 
'l'llJlBSBOLD for a particular animal on an individual day of challen9e. 
lxceedin9 thi• threahold value i• taken aa an indicator for a 
hyperaenaitivity reapon••· Our apecific criteria for identifyin9 
reapon••• are baaed on the work of Karol et al. ( l-S). Th••• are: 
l) I11111ediate- type hyper•enaitivity reactions The animal will maintain 
a re•piratory rat• CjJreater than th• r••pon•• threahold for at l•••t 
thr•• con••cutive minute• at •ome point durin9 the firat O.S hour of 
expo•ure. Moreover, th• ahape of the r••pon•• curve ia •uch that the 
reapiratory rate will ri•• frOl~ a near normal level to a level that ia 
above th• threahold. 2) Delayed-type ~ypera•n•itivity reaction s Th• 
animAl will •uatain an incr•••• in reapiratory rate that ia above th• 
reaponae threahold for at leaat 15 eonaecutive minut••· Thia increaae 
will occur at aome point that i• from 2 to 16 hour• after th• •tart of 
expoaure. lither an immediate-type or delayed-type reapon•• will be 
taken to au9geat background level• of reaponae to challenqe with 2,4-
or 2,6-TOI. 

l•tabli•hing a 811pon11 Thrttbglds Thia ia a uniq"1• value that wu 
determined each tilne an ani.nlal waa challenged. Th• threahold value ia 
baaed on th• average preexpoaur• reapiratory rate for each animal. 
During th• preexpoaure ti•riod reapiratory rate waa collected 
( 0 .1 minute aaapl••) for at leaat two hour•. Prom thi" data ••t 
apuriou• value• were removed and data waa retained for a continuoua 
period of tilne, generally at leaat one hour in duration, that appeared 
to repreaent a qui••cent periud. Thia waa to eatabliah a b•••lin• for 
reference, and th• mean and atandard deviation of thi• continuoua data 
••t va• calculated. Th• limit• we have eho••n to impo•• on th• 
r••pon•• thr••hold value aro 140-160 breath•/minute (bpm) 1 the 
thr••hold value will alway• be within thia range. Th••• limit• are 
comp.red with th• calculated value• of th• preexpo•ur• mean + 3 SD and 
150\ of th• pr••xpoaur• mean. If either of th••• e•leulated value• i• 
withln th• rang• of 140-160 BPM then it i.e taken a• th• r«•p..,n•• 
thre•hold. If both are within th• range or are •~ther great er than ' 
lower than thi• range, then th• value cloaer to th• preexpoeur• mean • 
3 ID 1• •elected. Thia threehold value ia compared to all of th• 
expo•.ure and poet-expoeure data after •purioue point value• are 
reaoved. Our criteria for •f''ectinQ a reapon•• threehold i• 
coneietent with that ••tabllehed previouely ( 4) wherein analyeia of 
data f rma a large pool of cont rol• indicated that a 3 SD incr•••• from 
th• .. an reapiratory rate wae equivalent to a 47\ incr•a••· 



Graphical R1pr111ntation of Data1 Rt1pir1tory r1t11 are graphical l y 
r1pr111nt1d from cht etart of 1xpo1ur1 until the end of d 1&t;a 
collection. In each c111 two graph• art includ1d1 1) one that 
include• the data fr~m the txpoeurt period (on• hour) plu1 
approximately the fir•t 0 . 5 hnur after th• end of 1xpo1ur1 (all data 
collected at O. l ruinute inttr¥1l1) and 2) one that pr111nt1 th• po1t-
1xpoeurt ptriod trom approximately 1. S hour after the 1t1rt of 
1xpo1ur1 until the end of data coiltction ( l. 0 minute inttrval• for 
data collection) . Th••• two graph• art to faci l itate tht 
identific•\;ion of immediate-type and delayed-type hyper11n1itivity 
r11ction1, r11p1cti v1ly . To prepare th• data for graphing, f i r•t 
1puriou1 point~ art rtmoved, t hen in eequenct every pair of valu11 i• 
av•ragtd together, thue reducing tht data ••t by halt, finally a 
inoving avtragt of group• ot 15 value• art etqut~tially calculated to 
gtntratt a 11t of 1mooth1d data for graphing ( i. w. , graphing data 
point #1 ii tht mean of data v1lu11 1-lS, graphing point #2 ii tht 
~•not value• 2-16, ttc.). Th• numerical manipulation• of data wtrt 
performed on Lotu1 1-2-3 ( 16), while graph• were prepared u1ing a 
Maie-11 Draw package (Micro1yet1m1 Bnginttring Corporation) afttr 
tr1n1f1ral of data from Lotu1. Thi• 1moothing of data prior to 
~raphing 11 1111ntial 10 a• to pr111nt inttrpretablt figur11. Each 
graph contain• information 1uch 11 the expoeurt ccncent.ration, tht 
r11pon•• thrtehold, and tr1nd1 in rtepiratory rate •• a function of 
tilne frocn tht 1tart of 1xpo1ur1 . 

St1ti1tic1l ~n1ly1i1 

R11pir1tory pa1amet1r1 colltcted by t he BUXCO Syetam (14) were tr1n1f1rr1d 
to d8111 TV ( 15) filtl to dtlttt tho11 paramtt1r1 not rtltvant to thi1 
1tudy. Th111 dBa11 f ! l11 wtrt thtn tr1n1f1rrad to a Lotu1 1-2- 3 ( 16 ) 
1pr11d1h11t to compute ll't101 and d11criptiv1 1t1ti 1tic•. Othtr 
d11criptivt 1t1ti1tic1 were g101rat1d by Lotu1 1-2-3 116) 11 nttdtd. 

Arcbiyal Procndug11 

Th• protocol, raw Jata, a 1a.mplt o! tht t11t 1ub1tanc1, and the t inal 
report will be archived at location• 1pecifitd by Mlle• Inc., Agriculture 
Divi1ion, Toxicoloqy, 17745 South Metcalf, Stilwell, K1n111 66085-9104. 
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Continuo:.aa •"CF' ! toring of the rnom hou•ing guinea pig• during thia atudy 
ahowed that t.11ore were no deviation11 from the deaired rang11 for 
temperature (18.3 l : r "i . S•C). On 14 ••p•rate daya the roorr RH waa 1 or 2\ 
bJlow the deaired ran?~ (40-70\). Thea1• excuraion• ranged from 11 to 170 
ainutea in duration 11.nd did uot affect th• outcome of t h••• experimanta. 

Ch•pah«r Paramc.t•r• 

Ttmptrature and \ RH 

w .. kly mean value• for chambe~ temparature and RH during the ••n~itization 
ph••• (~•Y• 0-4) from all group• i'nged from 20.4 to 21.s•c and 52 to 61\ 
reapectively. w .. kly mean value• for temperature and RH per group arei 

Group 11 21.1•c and 52\ (range of daily meanaa 20.s-2i.g•c and 48-60\, 
reapectively) 

Group 21 2l.6•c and 55\ (rang• of daily ineanai 20.6-22.o•c and 43-64\, 
reapectively) 

Group 31 20.4•c and 61\ (range of daily mea .aai l9.4-20.9•c and 59-62\, 
reapectively) 

During the challenge phaae, plethyamoqraph temperature reading• were taken 
approximately 3 hour• or 20 hour• after animal& were encloaed. The range 
of t .. perature value• recorded wt• 20-25•c (incluaive of all me&aurementa, 
n•82) • Plethyamoqraph temperature• • ,: e •imilar between group• 1 mean• of 
recorded value• from each group w• - •3 •c, 23•c and 24•c (group• 1, 2 and 
3, reapectively). No routine mon m; of RH wt• poaaibl• during th• 
cti.lleng• ph•••· 

au-arily, th••• data indicate that "lnh11l• on thi• •tudy were not 
aubjected to phyaical atr••••• related t~ either temperature or relative 
huaidity. All chamber temperature and 1 RH value• recorded were within 
th• deaired ran9• for our fac ility (18.3 to 2s.s•c and 40 tn 70\ RH, 
reapecti••ly). 

l1pg1yr1 eonc1ntration1 

Cb1ll1nq1 Pb111 

The choice of TDI concentration durin9 challenge ahould be low enough •o 
11 to avoid a 1enaory irritation type reapon•• but high eno~gh to provoke 
a hyper1enaitivity type reapon•• ahould an im&la be aufficient ly 
predi1poaed. Con~•ntration1 of 2,4- or 2,6-TDI that were uaed during thi• 
1tudy were con1i1tent with tho•• uaed previoualy [7,4,l). 
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Individual challenge concentration• for vaporou• and GSA-ccnjugated TOI 
are pr•••nted in Appendix II. w .. kly mean value• were very con•l•tent an~ 
ranged from lO to 37 ppb for TOI vapor and from 30 to 38 mg/m, for the 
TDI-OSA-conjugate. 

Biologic Ob1ervation1 and Mea1yr1ment1 

Clinical Ob•tryation1 

No clinical •ign• were ob•erved from any animal during th• cour•• of thi• 
•tudy. 

Bodv Welghtl 

A •wnmary of the body weight dQta collected during thi• •tudy i• preeented 
in Table 2, while individual value• are pr•••nted in Appendix I. Th••• 
data indicate that all group• •bowed weight gain at each time point 
through day 14. A few animal• from group 3 loet weight between day 14 and 
week l. Thi• i• due to alt•r~tion of drinking procedure• and i• not 
coneidered to be related to expoeur••· It i• also noted that animal• from 
all group• lo1t a 1ub1tantial amount of weight during the cour•• of each 
challenge. 

Mortalitie• and Replacement Animal• 

There were no expo1ure-related mortaliti•• and no animal• were replaced 
during thi• 1tudy. 

Oro11 Pathology 

Sach anilllal wae gro•• necrop1ied after the final challenge and no le1ion1 
were ob••rv•d from any animal . 

Phy1ioloqical Indication• of Hyper•tn1itivity 

Re1pon1e thre11hold value• were not di1parate between group•. Aver•Q• 
r••pon•• thr••hold value• from each of th• thr•• group• (mean• of all 
anilllal• from all thr•• week• of challenge) were 142, 148, and 142 bpm 
(qroup• 1-3, r••pectlvely). Individual re•pon•• thr••hold value• are 
pr•••nted in Appendix II . Thb information indicate• that th• er it•r ia 
u•od to •••••• hyper••n•itivity reaction• wa• not di••imilar between 
group•. 

A •um&ry of th• incidence of apparent hyper••ndtivlty rt•pon••• from 
each gro.ap i• pr•••nted in Table 3, while i1ldividual re•pon••• are 
identified in Appendix II . Thi• table identifl•• both lnnediate- 11 wel l 
•• dtl ayed-tyP9 r••pon•••· Additionally, individual r••plratory rate 
pattern• during th• expo•ure and poet-expo•ur• period• of each challenge 
conducted durlnq thi• •tudy are pr•••nted in Piqur•• l - 108 (information 
1• included on each figure concerning exporure concentration, animal 
number, re•pon•• thr••hold, and etc., •••the would• to rlgure•w for more 
explanation). 



A• indicated in T bl• l, apparent immediate-type hyp•r•en•itivi cy 
reaction• ':lfere only ._poradically ob••rved. A total of five incider.ce• 
were rec~:d&d, thr- from group 1 and two from group l. No out•tanc'in9 
difference• were ob••rved in th• incidence of apparent i.mmedillt•··t ype 
hyper••n•itivh.y reaction• between •ham-challen9•• or tho•o with 'tDI vapor 
and challeng~• with native or conjugated GSA. 

A greater incidenc• of. apparent delayed-type hyper••n•itivity reaction• 
were ob••rv•a frOIO Qach 9roup by cocnpari•on to apparent immediate-type 
re•pon•e~. A total of 11 apparent delayed-type re•pon•e• were noted from 
gr~up 1, a total of eight appar•~~ r••pon••• were noted from 9roup 2, and 
a total of two al'l>arent r••pon••• were noted ·~om 9roup 3. Th• week 1 
challenge• from group 1 •howtd by far the high .Jt inc!.dence of apparent 
delayed-t1'P9 r••pon•e•1 80\. Thh incidence h unrea•onably hl9h from 
ani•ale that are •ha111-challtn9wd and •ugge•t• that problem• of a 
technologic or data-•cquinltion nature occurred durin9 thi• week. 
Maintenance and reparative 1ork wa• cond~cted on th• air handling •Y•tema 
of our lal:>oratori•• during t l• week ar • ' impact of thi• di•turbance 
cannot be a••••••d . Thu• chi a. datt ~ excluded from further 
ar.aly•i•. 

All animal• were •ham ••n•iti&ed, thu• •timul u• wa• not p~ovided for the 
development of an authentic- hyper••n•i tivity 1.••ponue. With r••pect to 
finding• of apparent delayed-type r••poP•*•, it i• inlprobabl• that each Qf 
th••• ob••rvation• repr•••nt a true h)per•,tn•itlvity r••pon••· Thi• 
•ugge•t• that the criteria u••d fo~ identif 1 • ti~n of an apparent delayed­
type hyper••n•itivity r••pon•• may be too ••~#itive, and thu• may d•••rve 
further refinement. Authentic hyp•r••n•lt 1ity reepon•e• would be 
expected to recur u510n •ub•equent challenge . Th~• ••••••ment of r••pon•e 
recurrence upon ••qu•ntial challenge provide• • oean• to dl•tlngul•h 
between •poradic r••pon••• and tho•• •u•pected to be a••ociated with true 
hyper••n•itivity. 

one indication that an apparent reapon•• may be th• naequenc• of 
authentic hyper••n•itivity i" a recurrence of a parti, lar typ• of 
r••pon•• during our regimen . three individual challenge., . Table 4 
pr•••nt• th• incidence of repeated i.nlmediate- a• well a• d• ••Y•d-type 
apparent hyper••n•~tivity re•pon••• from each of the three group• To be 
includ9d in thh incidence table a particular animal mu11t have •h •n th• 
•a•• type of apparent r••Qon•• "'n at leaat two out of the three 
challeng••· Thi• table •how• a • incidence of repeated r••pon••• from 
each group. only one repeated im. • .-diate-type and on• repeated delayeco­
type r••pon•• were obaerved (froaa group• 1 and 2, reepectively). In that 
th• incidence of apparent r••pon• .. • or recurrent reepon••• did not 
•ub•tantially differ between group•, eac~ of th••• group• i• con•idered to 
be indi•tingui•habl• w\th r••pect to apparent hyper•enaitivity reaction• 
during challenge. 

Su.1111&rily, th••• data •uggeat a low but con•iderabl• incidence of apparent 
hyper••n•itivity reapon••• from each group. In that each of th••• 9roup• 
repr•••nt control animal•, th• incidence of r••pon•• obeerved in thi• 
•tudy i• con•idered to be a background level for thi• t••t •Y•tem. 
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IVMICMX MR COlfCLYIIOlll 

Background level• of re•piratory hyper••n•itivity-lik• reaction• to either 
2, 4- or 2, 6-TDI were evaluated in male 9uinea pi9•. Three 9roup• were 
eham-eennitized and eubeequently were challen9ed three t im•• (at one weak 
interval•) with either i•ocner of TDI or were •ham-challen9ed. In each 
caee, the fir.,\ chall en9• wae to GSA1 either the native protein or th• 
appropria~• T~ J ~onju ate. No clinical ei9n• , l••ion• at 9ro•• necrop•y, 
or eub•tantial dJ fferenc•• in wei9ht-9ain between 9roup• were noted . 
Suetained incr•a••• in r••piratory rat•• were taken a• .. ndicatore for 
apparent i.Jmnediate-type and delayed-type reepon•••· A •imilar u i ' l.dence 
of apparent immediate-type reepon••• wae ob•erved between groupe , "''hile 
fewer delayed-type reepon••• were ob••rved from the 9roup challen9ed with 
2, 6-TDI than from other group•. Animal• from each '}roup appeared to 
de'11on•trate more delayed-type rather than immediate-type apparent 
reepon•••. Few recurrence• of a epecific type of re•pon•• were •••n 
during the three week• of challenge, thu•, the background level of 
hypereeneitivity to TOI in 9uinea pig• appear• to be low. 
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8umaary of Pletby~1109rapb COaceatration• Duriag Cballeage 

Challeng• 
~ Atmo1ph1n 

l Sham 
Sham 
GSA 

2,4-TDI 
2,4-TOI 

2,4-TDI-GSA 

3 2,6-TOI 
2,6-TOI 

2,6-TDl-OSA 

so • Standard Deviation 
NA • Not Applicable 

Challenge 
i'fttk 

l 
2 
3 

1 
2 
3 

l 
2 
3 

Concentration 

-~ fHHD + Sp> 

12 NA 
12 NA 
12 38 !:. 9 rrg/m> 

12 20 !:. 8 ppb 
9 27 !:. 12 ppb 

12 32 !:. 14 rnq/m> 

l:? 37 !:. 18 ppb 
12 37 !:. 18 ppb 
12 30 !:. 6 rnq/m> 



Initial 

Table 2 

8W111Ary of Bodf Weight• During a R••piratory 
••n•itiaation atudr with 2,t- or 2,6-TDI 

atudr •uab•r 92-ltt-PP 

Analy•i• of Body Weight• (9) Mean Weight Change 
Body Weight 1213' Q' :ua1slx i 12i,u;: L cg !::b1.U1og1 J.g.L 

Orgyp Range 

l 24.l-:ns 
(Sham) 

2 241-280 
(2,4-TDI) 

3 255-296 
(2,6-TDI) 

SD • Standard Devi&tion 
MC • Mean Change 

.JL _,L 

Avg 258 287 
SD 11 , 13 
MC 29 

Avg 263 293 
SD 13 18 
MC 30 

Avg 272 293 
SD 13 15 
MC 21 

i • Day 0 denote• fir•t day of expoaure. 

..:L ....li Wiik l w11k 2 

307 361 -32 -33 
14 22 
20 54 

320 374 - 43 -54 
22 31 
27 54 

319 357 -32 -42 
17 24 
26 38 

a • Average• are pr•••nted for all animal• challenged. Por individual ~ata, 
He Appendix I. 
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WHk 3 

-45 

-56 

-43 



'l'abl• 3 

Incidence of Apparent •rper•en•iti•itr Re•pon•e• Ob•er.ed During Cballenge 

atudr Nuaber tl-3,4-PP 

Incidtnct of Apparent Rt•pon11• 

ll!l'nesi~1t• 12111Hsi 
~ H&a......i HL...1 !Us...--1 ~ HL...1 

Group 1 2/12 0/12 1/12 8/10 3/9 0/12 
(Sham1 GSA)** ( 17\) (0\) (8\) (80\) (33\) (0\) 

Group 2 0/12 0/12 0/12 4/11 2/12 2/l'J 
(2,4-TDIJ 2,4-TDI-GSA) (0\) (0\) (0\) (36\) ( 17\) ( 17\) 

ar,,up 3 0/12 1/12 1/12 0/10 0/11 2/12 
(2,6-TDIJ 2,6-TDI-GSA) (0\) (8\) (8\) (0\) (0\) ( 17\) 

* Re•pon••• during each w~•k of chall1n91 / group •izt. 
**Material uatd for challen;t 1xpo1ure1 (Wt•k• l, 2 and 3)1 ••• t~xt. 
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Iocideoce of aepeated Appareot aeapoo••• Obaer.ed 
During Tbr•• Week• of Cballeo9• 

Challenge 
Groyp' 

Sham 

2,4-TDI 

2,6-TDI 

atudr •Wlb•r t2-l••-PP 

Incid1nc1a 
I!TIJl1ldiate Ltlayed 

l o> 

0 l 

0 0 

' Material uaed for expoaur••I ••• ttxt . 

a Number of animal• ahowi ng the aame type of 
apparent reapon•• dur! ng two out of three 
w.eka of challenge. 

> Apparent delayed-type reapon••• frOl'I\ challenge 
week l wert txcludtd from thi • analy•i•. 

21 



QUIDS 'fO PIGUU• 

One pa9e of Pigur•• i• pr•••nted for each challenge of each animal. 
Included are ••parate 9raph• for approximately ~h• fir•t l . ~ hour• after 
the •tart of expo•ur• and a ••cond graph for the remainin9 duration of 
data collection. Th••• are pr•••nted ••parately •o •• to facilitate 
identlf icatlon ol •u•p•cted immediate-type and delayed-type r••pon•••, 
r••pectively. Th• r••pon•• thr••hold i• indicated on each graph and th• 
actual expoaure concentration for th• indicated animal i• •hown within a 
•haded area that indicat•• the actual time of expo•ure. Al•o included on 
each Figure i• information re9arding th• animal challenged and th• 
atmo•phere compoaition• for ••n•itization and challen9• expo•ur••· 

lach rlqur• i• ••parately nwnbered from l to 108. They are pr•••nted in 
the order of group• 1 - 3, and, for each group data for th• fir•t week of 
challenge• are pr•••nted in ••quence and th••• are followed by data frOC'll 
th• ••cond and then fin.&lly the third week of challenge. Th• following 
table identifi•• figure number• that are •••ocJated with each group. 

Groyp Ho. 

l 

2 

3 

29 

riaun No. 

l - 36 

37-72 

73-108 
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Figure: 1 

Study Number 92-344-PP 

Animal # 193: Sham Sensitization 

Sham Challa. 1e Week 1 
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Figure: 2 

Study Number 92-344-PP 

Animal # 194: Sham Sensitization 

Sham Challenge Week 1 
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Figure: 3 

Study Numbar 92-344-PP 
Animal # 195: Sham Sensitization 

Sham Challenge Week 1 
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Study Number 92-344-PP 

Animal # 196: Sham Sensitization 

Figure: 4 Sham Challenge Week 1 
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Figure: 5 

Study Number 92-344-PP 
Animal # 197: Sham Sensitization 

Sham Challengs Week 1 
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Figure: 6 

Study Number 92-344-PP 

Animal # 198: Sham Sensitization 

Sham Challenge Week 1 
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Figure: 7 

Study Number 92-344-PP 

Animal # 199: Sham Sensitization 

Sham Challenge Week 1 
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Figure: 8 

Study Number 92-344-PP 

AnlmaJ # 200: Sham Sensitization 
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Figure: 9 
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Study Number 92-344-PP 

Animal # 201: Sham Sensitization 

Sham Challenge Week 1 
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Figure: 11 

Study Number 92-344-PP 

Animal # 203: Sham Sensitization 

Sham Challenge Week 1 
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Study Number 92-344-PP 
Animal # 204: Sham Sensitization 

Figure: 12 Sham Challenge Week 1 
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Figure: 14 

Study Number 92-344-PP 
Animal # 194: Sham Sensitization 

Sham Challenge Week :2 
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Study Number 92-344-PP 
Animal # 195: Sham Sensitization 

Figure: 15 Sham Challenge Week 2 
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Figure: 16 

Study Number 92-344-PP 

Animal # 196: Sham Sensitization 

Sham Challenge Week 2 
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Study Number 92-344-PP 
Animal # 197: Sham Sensitization 

Figure: 17 Sham Challenge Week 2 
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Study Number 92-344-PP 
Animal # 198: Sham Sensitization 

Figure: 18 Sham Challenge Week 2 
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Figure: 19 

Study Number 92-344-PP 

Animal # 199: Sham Sensitization 

Sham Challenge Week :2 
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Study Number 92-344-PP 
Animal # 200: Sham Sensitization 

Figure: 20 Sham Challenge Wsek 2 
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Figure: 21 

Study Number 92-344-PP 

Animal # 201: Sham Sensitnzatlon 

Sham Challenge Week ~~ 
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Study Number 92-344-PP 
Animal # 202: Sham Sensitization 

Figure: 22 Sham Challenge Week :2 
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Study Number 92-344-PP 

Animal # 203: Sham Sensitization 

Figure: 23 Sham Challenge Week 2 
220r----·----------------------------------------. 
200 

180 

i 160 

€. 140 

60 

40 

20 r s~ Exposl.!re u ___ ___. 
o..__._ __________ _._ __________ __.. ____________ .__ _ _, 

180 

160 

i 14C 

J! 120 

l L 

60 

40 

20 

0 .0 0.5 1.0 1.5 

Data Collection Error 

o----·-------------------"---------_.. _________ _. 
1.15 15.2 10.2 115 2 

Time From St.rt of E>CpC*n {how'a) 

52 



Study Number 92-344-PP 
Animal # 204: Sham Sensitization 

Figure: 24 Sham Challenge Week 2 
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Study Number 92-344-PP 
Animal # 193: Sham Sensitization 

Figure: 25 GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal # 194: Sham Sensitizatiol" 

Figure: 26 GSA Challenge Week 3 
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Figure: 27 
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Study Number 92-344-PP 

Animal # 195: Sham Sensitization 

GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal # 196: Sham Sensitization 

Figure: 28 GSA Challenge Week 3 
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Figure: 29 
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Figure: 30 
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Figure: 31 
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Study Number 92-344-PP 
Animal # 200: Sham Sensitization 

Figure: 32 GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal# 201: Sham Sensitization 

Figure: 33 GSA Challenge Week 3 
220--~~~~~~~~~~~~~~·~~~~~~--. 

200 

180 

20 Exposure: 22 mt/m' 

220 -

200 

180 

180 

Response Threshold 
140 

120 

100 

IO 

IO 

Time From Swt of~ (t'°'n) 



Study Number 92-344-PP 
Animal # 202: Sham Sensitization 

Figure: 34 GSA Challenge Week 3 
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Stuoy Number 92-344-PP 
Animal # 203: Sham Sensitization 

Figure: 35 GSA Challenge Week 3 
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Study Number 92-344-PP 

AnlmaJ # 204: Sham Sensitization 

Figure: 36 GSA ChaJlenge Week 3 
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Study Nul'l'" - r 92-344-PP 

Animal # 222: Sham Sensitization 

Figure: 37 2,4-TOI Challenge Week 1 
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Study Number 92-344-PP 

Animal # 223: Sham Sensi1tization 

Figure: 38 2,4-TDI Challenge Wee·k 1 
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Study 1-Jumber 92-344-P? 

Animal # 224: Sham Sen~iti:zatlon 

Figure: 39 2,4-TD! Challenge 'I/eek: 1 
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Study Number 92-344--PP 
AnlmaJ # 225: Sham Sensitization 

Figure: 40 2,4· T01 Challenge Week 1 
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Study Number 92-344-PP 
Animal# 226: Sham Sensitization 

Figure: 41 2,4-TOI Challenge Week 1 
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Study Number 92-344-PP 
Animal # 227: Sham-Sensitization 

Figure: 42 2,4-TOI Challenge W~el< 1 
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Study Number 92-344-PP 

Animal# 228: Sham Sensitization 

Figure: 43 2,4-TDI Challenge Week 1 
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Figure: 44 
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Figure: 45 
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Study Number 92-344-PP 

Animal# 231: Sham Sensitization 

Figure: 46 2,4-TDI Challenga Week 1 
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Study Number 92-344-PP 

Animal # 232: Sham Sensitization 

Figure: 47 2,4-TOI Challenge Week 1 
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Figure: 48 
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Study Number 92-344-PP 

Animal # 222: Sham Sensitization 

Figure: 49 2,4-TDI Challenge Week 2 
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Study Number 92-344-PP 

Animal # 223: Sham Sensitization 

Figure: 50 2,4-TDI Challenge Week 2 
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Stud'/ Numb&r 92-344-PP 
Animal # 224: Sham Sensitlzat on 

Figure: 51 2,4-TDI Challenge Week 2 
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Figure: !53 
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Study Number 92-344-PP 

Animal # 227: Sham Sensitization 

Figure: 54 2,4-TDI Challenge Week 2 
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Study Number 92-344-PP 
Animi 1 # 228: Sham Sensitization 

Figure: 55 2,4-TDI Challenge Week 2 
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Study Numbsr 92 344-PP 
Animal# 229: Sham Sensitization 

Figure: 56 2,4-TDI Chal!enge Week 2 
220 

Response Threshold 

[ __ e_xpos __ u_r•_: __ 23_ P_P_e __ ]__, 

220 

200 

180 

1IO 
Response Threshold 

140 ---- ---- ----
120 

100 

IO J 
IO 

20 r . 
o ~ ...... ~------_.. __________ .__ ________ ..__ ______ ~ 

1.!S . , 10.t 111 
Time Fron1 t.tt of ~ (houri) 

85 



Study Number 92-344-PP 

Animal # 230: Sham Sensitization 

Figure: 57 2,4-TDI Challenge Week 2 
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Study Number 92-344-PP 

Animal # 231 : Sham Sensitization 

Figure: 58 2.4-TDI Challenge Week 2 
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Stu) y ~ nnber 92-344-PP 

AnimP ,' ?' .. Sham Sensitization 

Figure: 59 -;; ,.4-T i>I Challenge Week 2 
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Figure: 60 
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Study Number !l2-344-PP 

Animal# 222: Sham Sensitization 

Figure: e;1 2,4-TDl-GSA Challenge Week 3 
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Figure: 63 
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Study Numbe 92-344-PP 

Animal# 225: Sham Sensitization 

Figure: 64 2,4-TDl-GSA Challenge Week 3 
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Study Number 92-344-PP 

,..\nimal # 226: Sham Sensitization 

Figure: 65 2,4-TDl-GSA Challenge Week 3 
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Figure: 66 
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Figure: 67 

Study Number 92-3-44-PP 

Animal # 228: Sham Sensitization 

2,4-TDl-GSA Challenge Week 3 
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Study Number 92-344-PP 

Animal# 229: Sham Sensitization 

Figure: 68 2,4-TDl-GSA Challenge Week 3 
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Figure: 69 
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Study Number 92-344-PP 

Animal# 231: Sham Sensitization 

Figure: 70 2,4-TOI-GSA Challenge1 Week 3 
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Figure: 71 
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Study Number 92-344-PP 
Animal # 233: Sham Sensitization 

Agure: 72 2,4-TOI-GS~ Challenge Week 3 
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Study Number 92-344-PP 
Animal# 207: Sham Se1nsitization 

Figure· 73 2,6-TOI Challenge Wnek 1 
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Study Number 92-344-PP 

Animal# 208: Sham Se1nsltization 

Figure: 74 2,6-i ')I Challenge WEtek 1 
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Study Number 92-344-PP 

Animal # 209: Sham Sensitizatior. 

Figure: 75 2,6-TOI Chall~nge Week 1 
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Study "!umber 92-344-PP 
Animal # 210: Sham Sensitization 

Figure: 76 2,6-TOI Challenge We1ek 1 
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Study Number 92-344-PP 

Animal # 211 : Sham Sensitization 

Figure: 77 2,5-TOI Challenge Week 1 
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Study Number 92-344-PP 
Animal # 212: Sham Sensitization 

Figure: 78 2,6-TDI Challenge Week 1 
220 

200 

180 

f 160 

~ 1.W 
• 
~ 120 

i 

i 100 

80 • 

60 • 

20 • 

Response Threshold 

Exposure: 78PP8 

0 .0 1 .1\ 

2!!0~---------------------------------------------
200 • 

180 • 

180 • 
Response Threshold 

1.0 • 

i 120 -

t 
a: 100 -

I 80 -

80 -

:[ 
o[ __ .....,_ ________ _....L..,_ ________ _._ __________ ~------~ 

1.5 • .• 11 .5 1•.• 

llme From 5'att of £xpoeure (houl"I) 

107 



Study Number 92-344-PP 
Animal # 213: Sham Sensitization 

Figure: 79 2,6-TDI Challenge Week 1 
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Study Number 92-344-PP 

Animal# 214: Sham Sensitization 

Figure: 80 2,6-TDI Challenge WeEtk 1 
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Study Number 92-344-PP 
Animal # 215: Sham Sensitization 

Figure: 81 2,6-TDI Challenge We~:tk 1 
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Study Number 92--344-PP 
Animal # 216: Sham Sensitization 

Figure: 82 2,6-TOI Challenge Wenk 1 
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Study Number 92-344-PP 
Animal# 217: Sham Sensitization 

Figure1: 83 2,6-TOI Challenge Week 1 
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Figure: 84 
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Study Number 92-344-PP 
Animal# 207: Sham Sen1sitization 

Figure: 85 2,6-TOI Challenge Weok 2 
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Study Number 92-344··PP 
AnimaJ # 208: Sham Sensitization 

Figure: 86 2,6-TOI Challenge Weiek 2 
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Study Number 92-344-PP 
Animal,; '>r.)9. Sham Sensitization 

Figure: 87 2,6 ·1 1 ~1 Challenge Week 2 
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Study Number 92-344··PP 
Animal # 210: Sham Sensitization 

Figure: 88 2,6-TOI Challenge Weak 2 
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StuJy Number 92-344-PP 
Animal # 211 : Sham Senisitization 

Figure: 89 2,6-TOI Challenge Wenk 2 
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Study Number 92-344-·PP 
Animal # 212: Sham Sensitization 

Figure: 90 2,6-TOI Challenge We~9k 2 
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Figure: 91 

Study Number 92-344-·PP 
Animal # 21 3: Sham Sensitization 

2,6-T~I Challenge We«:tk 2 
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Study Number 92-344-PP 
Animal# 214: Sham Sensitization 

Figure: 92 2,6-TOI Challenge Week 2 
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Study Number 92-344-PP 
Animal # 215: Sham Sensitization 

Figure: 93 2,6-TOI Challenge Week 2 
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Figure: 94 
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Study Number 92-344-PP 
Animal# 217: Sham Sen:sitization 

Figure: 95 2,6-TOI Challenge Week 2 
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Figure: 96 

Study Number 92-344-PP 
Animal# 218: Sham Sensitization 

2,6-TOI Challenge Weelk 2 
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Study N:Jmber 92-344-l?P 
Animal # 207: Sham Sen:sltization 

Figure: 97 2,6-TOI-GSA Challenge 'Neek 3 
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Figure: 98 
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Figure: 99 
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Study Number 92-344-IPP 

Animal # 210: Sham Sensitization 

Figure: 100 2,6-TOI-GSA Challenge 'Neek 3 
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Study Number 92-344-IPP 
Animal # 211 : Shar.1 Sensitization 

Figure: 101 2,6-TOI-GSA Challenge 'Neek 3 
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Study Number 92-344~PP 
Animal # 212: Sham Sensitization 

Figure: 102 2,6-TOI-GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal# 213: Sham Senisitization 

Figure: 103 2,6-TOI-GSA Challenge \~eek 3 
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Study Number 92-344-PP 

Animal # 214: Sham Sensitization 

Figure: 104 2,6-TOI-GSA Challenge Week 3 
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Study Number 92-344-PP 
Animal # 215: Sham Sensitization 

Figure: 105 2,6-TDl-GSA Challenge 1Week 3 
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Study Number 92-344-PP 
Animal # 216: Sham Sensitization 

Figure: 106 2,6-TOI-GSA Challenge Week 3 
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Study Number 92-344-PP 
AnlmaJ # 217: Sham Sensiltization 

Figure: 107 2,6-TDl-GSA Challenge Ylfeek 3 
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Study Number 92-344-PP 
Animal# 218: Sham Sensitization 

Figure: 108 2,6-TOI-GSA Chailenge Week 3 
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Animal 
Numb tr 

193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 

222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 

Appendix I 

IDdi•idual :!odr Weight• (g) of Guinea Pig• Uaed During 
Thi• •••piratory lenaitiaation lt~dr 

ES21~ li1512S:ZIYU 12H $;b1UIDSll Hiik* 
.J2 ....i ..:1. li l 2 3 

Group I (lhaa l•n•itiaation, lhaa Challenge) 

253 275 298 348 3~4 365 427 405 485 
243 274 298 346 401 363 448 415 492 
262 287 294 339 394 360 447 408 495 
263 273 290 329 350 332 371 364 413 
263 292 310 384 466 406 531 465 601 
272 289 313 359 391 383 446 411 492 
275 317 332 399 483 444 540 503 612 
248 283 299 351 389 351 433 406 471 
248 287 308 367 439 403 496 457 566 
253 288 311 370 462 423 503 467 544 
269 302 331 392 474 439 526 489 569 
244 275 294 344 396 383 435 417 451 

Group II (lhaa lenaitiaatioa, 2,4-TDI Challenge) 

244 266 293 343 381 354 427 387 472 
270 299 342 398 459 408 570 460 571 
247 271 285 318 350 317 382 339 (17 
259 295 314 369 415 378 464 427 524 
241 258 284 329 371 345 396 369 448 
264 297 326 375 426 383 474 424 528 
268 299 331 399 464 419 520 ,59 580 
273 304 341 405 457 408 502 452 566 
273 302 324 378 437 393 491 434 525 
265 305 349 420 525 464 584 516 623 
210 316 334 391 454 409 507 446 558 
270 291 322 365 436 387 475 429 522 

445 
450 
448 
383 
525 
453 
561 
424 
513 
495 
524 
434 

.t.J l 

509 
372 
474 
415 
466 
514 
499 
479 
556 
487 
463 



Animal 

~-' 

207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 

AppeDdix I (Conti1med) 

IadiYidual Bodr Weight• (g) ~f OUiJllea Pig• Uaed During 
Thi• lleapiratorr senaitiaiation studr 

fglt IKQ21M'I g1x 11'blUIDSll Hiiis.* 
_Q _! ...:1. li l 2 3 

O&oup III (Sbaa Senaitil:ation, 41,6-TDI Challenge) 

272 301 330 376 321 322 448 395 483 
266 274 296 327 264 255 377 330 423 
258 279 299 322 321 312 373 339 40 1 
281 306 332 370 307 295 422 375 457 
279 292 315 345 388 353 426 392 463 
287 311 339 372 424 370 478 415 527 
255 270 292 334 334 308 376 350 390 
275 295 320 353 399 361 420 390 456 
296 322 347 406 465 401 513 459 552 
259 287 317 352 411 365 451 420 483 
262 291 318 356 403 362 454 408 486 
270 291 324 376 439 394 510 466 560 

•Pre-challen9e and peat-challenge weight:• are ahown. 

139 
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382 
365 
414 
424 
470 
J56 
421 
504 
442 
440 
512 
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App• .. Us II 

&a.iaal Depeadeat •yper•-•iti•itr a.•poa•• Iacideace, a.•pon•• ftre•bold 
Yal.•••, aad &spo•ure eonc-tratioa9 hriA9 CballeA9• 

Group 1 - Sluul .... itisatioa/Sluul Cballen9• 

Studr lluaber t2-3H-PP 

I--4iate or Delared a.opo•••• 

an 11111 1!2 , 

Challenae Wk. ill 1li lll 1ll ill ill ill lQ.Q ll1 121 

Week 1 -/D I/D -/D -/D -JO -/- -/D -/D I/D -/0 

W..k2 -/- -10 -/- -/- -/0 -/- -/D -/- -/- -/D 

Week 3 -/- I/- -/- -/- -/- -/- -/- -/- -/- -/-

a.•pon•• 'ftlre•bold Value• 

Week 1 140 140 143 140 141 160 140 140 140 140 

Week 2 148 140 140 140 140 140 140 140 140 140 

Week 3 140 151 140 146 140 154 140 140 140 140 

&xpo•11re Concentration• 

Week 1, Week 2 Sbaa Bxpo•ur•• 

Week 3 (ag/•') 41 29 45 51 42 34 28 44 22 27 

- • Ro re•pon•• 
I • I..ediat• re•pon•• 
D • Delayed reepon .. 
0 • No data 

fil lli 
-/D -/-

-10 -/D 

-/- -/-

140 140 

140 140 

140 140 

39 48 



&ppeedAs JI (C01ltia-4) 

aaiaal o.pe..t-t •n-r•ea•iti•itr .. •poo•• lDCideace, .. •po••• ~re•bo14 
Yalaea, &114 bpo•are eoac .. traU.oaa Da.r!Ja9 Qalle.ge 

Oroap 2 - naa aea.dUaaU.oa/2, t-mI Clutlleage 

ftad)- llamber '2-JH-PP 

I 1bte or Delarecl .. •poa••• 
6DiM1 1!21 

Cb&ll•na. n · ... m lli nt lll 2ll ill Ul 1ll ll2 ill lll ll} 

Week 1 -/D -/D -/- -/- -/- -/- -/D -/- -/- -10 -/- -/D 

Week 2 -/- -/- -/- -/- -/- -/- -/- -/- -/- -/D -/- -/D 

Week 3 -/- -/- -/- -/- -/D -/- -/- -/- -/- -/- -/- -/D 

.. •poa•• ~ahol4 Vala•• 

.. W..k 1 140 158 147 140 159 160 159 140 140 149 140 141 • ~ 
W..k 2 160 152 140 149 160 144 150 140 152 148 140 140 

Week 3 160 160 140 160 140 140 140 140 140 154 159 146 

Bxpo•ar• Cooceotratiooa 

W..k 1 (ppb) 10 22 38 18 16 19 24 27 21 12 13 22 

Week 2 (ppb) 23 21 34 20 6 * • 23 35 * 47 32 

w-k 3 (919/•' > 68 28 46 26 33 20 29 35 28 29 28 14 

- • •o reepona• 
I • I...-diate reapon•• 
D • Delayed r••po~•• 
0 • •o data 
• • Sampling error 



&ppeod i.. 11 ( CoaU.aaecl) 

&aiaal ~t llypera .. aiti•itr ... poa .. Iacidaaca, .. •po••• ~raallold 
•at-•, aA4 bpo•are eoac .. trat~Old Daring CILall~· 

Oroap J - 81a.aa ... aiti•atioD/2,6-TDI CILallaaga 

atady lhmber t2-1••-PP 

t-.di..ate or Dalaracl .. •poa••• 
6oiJaal l!2z 

Challena. n~ ill m 2.22 llQ ill ill ill ll! ill lll ill ll§ 

v..k l -10 -/- - JO -/- -/- -/- -/- -/- -/- -/- -/- -/-

... k2 -/- -/- -/- -/- -/- -/- -/- - /- -/- -JO I/- -/-

... k l -/- -/D -/- -/- -/- I/D -/- -/- -/- -/- -/- -/-

.. •poa•• ~alaold Value• 

... v..k l 140 160 140 140 156 140 140 140 140 160 140 140 
• N 

Weak 2 140 140 140 140 140 140 i4u l•O ..... 
.L•U '.,. ..... ., 1An ..... 140 

Week 3 140 140 140 140 140 140 140 140 140 160 140 140 

Szpoaura Collcaatratio•• 

weak 1 (ppb) 49 29 17 12 52 76 31 24 40 25 43 45 

Week 2 tppb) 26 29 30 24 29 26 36 21 £1 66 43 31 

v-k 3 (99/•1 ) 41 36 36 26 27 24 24 25 36 32 30 28 

- • llo reapon•• 
I • I-..diata raapon•• 

~U\, D • Delayed raapon•• 
0 • •o data o\\ • 

~ 
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